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Abstract
The possibility of the formation of a water-resistant structures in dispersions
of saline soils by using a composition of additives combining a surfactant and a
fixing agent, generally providing the effect of dispersed hardening, is considered.
The data by investigation of method of fixing the sands of the Surkhandarya
region with complex additives obtained on the basis of the waste of the Kungrad
soda plant are presented. It is shown that the basis of the proposed method
of fixing saline soils with complex additives is the process of converting their
surface layers (up to 5 cm) from free-dispersed state to coherent-dispersed state
by forming a structures (crust) consisting of water-resistant macroaggregates
> 1.0 mm with mechanical strength up to 3.0MPa.
Keywords: efficiency, fixing agent, surface, strength, meliorant, sand.
Introduction
Protection of mobile sand from wind erosion using affordable and inexpensive water-
soluble polymers, as well as their mixture with industrial waste, is one of the impor-
tant problems of modern application of colloid chemistry and ecology. The wind and
dust storm "Afganets" annually replenishes the soil and sands of Surkhandarya with
microdispersions, which, being on their surface, have complicated the process their of
fixing. One of the solutions of this complex environmental problem is the phytome-
lioration of the lands of Surkhandarya with the combination of chemical fixation of
soil and sand [1].
The study of the climate of the investigate object is a relevant environmental fac-
tor. The climate in the Surkhandarya physical-geographical region is dry subtropical.
In the lowlands, summers are very hot, dry and sunny; at the approaching to moun-
tains, the temperature drops. Winter is warm and short, colder in the mountains.
Winter in the lowlands is warm and short, and colder in the mountains. January
is the coldest month. The average January temperature in Sherabad and Termez is
+2,8◦C, in the mountains at an altitude of 2500 − 3000m − 6◦C. Sometimes cold
air masses, having crossed mountains, penetrate in the plain and have lowered air
temperature to −20− 25◦C [11].
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In the southern part of the region, in the spring and summer west and south-west
winds have blowed, and in the winter - north-east winds. A strong southwestern
winter of the southern part of the region is called "Afghan." It takes up a mass of
dust, sand, drains the earth and causes great damage to crops. It has arised owing
to the aerodynamic acceleration of warm air mass flowing from the southwest. and
squeezed between the spurs of the Gissar Range, on the one hand, and approaching
from the northwest cold front - on the other. Wind speed - 17-25 m/s. "Afghan"
greatly reduces the relative humidity, which adversely has affected on the vegetation.
In Termez, Jarkurgana, it has blowed from 40 to 70 days a year, depresses vegetation,
falls asleep with sand and dust, and demolishes the fertile soil layer.
1 Preliminaries
The peculiarity of the mineralogical and chemical compositions as well as the struc-
tural and porous properties of the soil and sands of Surkhandarya is that they contain
relatively less different salts, the granulometric sizes of sand are larger than the Aral
Sea. All this is reflected in the indicators of adsorption and consolidation of mobile
soils and sands of Surkhandarya.
At industrial enterprises located near Surkhandarya various wastes and secondary
materials are generated, which can be used as additives to the fixing compositions of
dispersions.
Therefore at selecting of compositions for fixing mobile dispersions it is also neces-
sary to use reagents and materials that do not harm their phytomelioration including
Surkhandarya lands. The used chemical reagents should also not disturb the biolog-
ical processes occurring in the soil and sands in the hot climatic conditions of the
region. Moderate rainy moisture should not reduce the structural and mechanical
strength of the forming crusts (films) over moving soils and sands.
Chemical stabilization of moving sands has the potential to combat desertification,
and this method is characterized by its speed and ease of using comparation with other
protection technologies. The materials used in the chemical fixing of sands are the
main fact in this technology. However, the consideration of materials used for the
chemical fixing of sands lags far behind the requirements of combating desertification;
therefore much attention has to paid to this problem.
Currently, a limited range of binders is used in construction: cement, lime-
siliceous, gypsum, magnesia. Liquid glass in this row occupies a secondary position,
what is explained by the low water resistance of products obtained on it’s base. At
the same time, it is known that with the use of water glass and calcium compounds it
is relatively easy to synthesize calcium hydrosilicates (CHS), which are the main ad-
hesive substance in products made on the basis of cement and lime-siliceous binders
[2].
To date in building materials science, comprehensive studies of the mechanisms
of synthesis of CHS in calcareous-glass systems have not been performed, and the
technological processes for the production of liquid glass-based composite materials
for the construction industry with high strength and water resistance are not known.
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The identification of the physico-chemical characteristics of the formation of the
composition, structure and properties of building products based on liquid glass com-
positions is an urgent problem and contributes to the creation of the theoretical
foundations of the technology for their preparation and to the wider, integrated use
of liquid glass in construction technologies, and also has opened up the prospect of
targeted synthesis of materials with the given operational characteristics.
The using of artificial structure-forming agents is one of the most promising ways
to minimize and partially to prevent the development of erosion and deflation pro-
cesses on degraded and disturbed lands.
The problem of chemical fixing of soil and moving sands is part of the general
problem of environmental protection, it is associated with applied colloid chemistry,
which has studied, among others, the regulation of the secondary structure of disperse
systems, including fixing sands, and on this basis the production of materials with
specified colloidal - structural characteristics and strength properties.
The effectiveness of the chemical fixing of the sands in many respects has depended
on the strength of adhesion of their particles to each other through a binder - fixative.
The bond strength depends on the size of the structural-kinetic units of the fixer at
the moment of contact with the sand particles. Since the contact surface of the sand
is relatively small, the maximum increasing in strength can be achieved by filling
the contact zone with a meliorant fixer. Moreover, obtaining the desired result is
associated with a high consumption of fixative.
In this regard, it is of important to use additives as a fixers in the compositions,
consisting of affordable and inexpensive water-soluble polymers, as well as their com-
positions with industrial waste products.
The elaboration of an agronomic structures is especially important in the Central
Asian region, where, as is known, low or non-structural soils prevail and where it
is very important, along with increasing the agronomic value of soils, to solve the
problem of preventing their water and wind erosion by creating of structured soil
peels.
Advances in the study of the process of structure formation and experimental
confirmation of the decisive role of gluing humus acids in the phenomena of water
resistance of the structure gave impetus to the search for ways to create an artificial
structure.
In some natural substances - humic compounds, bitumens, peat glue, tar glue,
sodium silicate, cellulose and hemicellulose, organosilicon compounds - were tested
to create an artificial soil structures [3].
Subsequently, investigations have been carried out by using natural organic poly-
mers, their chemical modifications, as well as waste oil pulp and paper industry
- bitumen, asphalt and latex-oil emulsions for elaboration of above-mentioned. In
most cases, these substances proved to be suitable for mulching the surface of soils
in order to optimize its thermal and water-air regimes. To combat crust formation
and high evaporation, the use of structure-forming hydrophobizing agents is effective.
These drugs include styromal. When used in doses up to 0, 05% by mass of the soil,
the drug dramatically reduces the speed, capillary rise and evaporation [3].
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Currently many foreign researchers, along with the use of synthetic structure-
forming air conditioners, have founded new alternative natural and combination
preparations. The group of so-called has particular interested biopolymers synthe-
sized on base lignin, starch, acrylamide and acrylic acid. Foreign authors [3],[4],
[5],[10] have indicated on high structure-forming and soil-improving properties of
these compounds.
2 Main part
There is a huge amount of experimental material by fixing moving sands with var-
ious structural additions, methods have been developed for assessing the physico-
mechanical properties of anti-diflation protective coatings, and the requirements for
chemical reclamation have been systematized. A technology for the production of
sanding works has been developed, materials have been accumulated to investigate
the effect of coatings on habitat conditions, survival, growth and development of
sand-loving plants [4], [5], [6], [7], [8], [9].
The fixing of Kattakum of Surkhandarya sands with the use of new complex
fixing agents (reagents and industrial waste) will help to create strong water-resistant
structures (soil crust that can hold the root system of plants) on small surface strata
of sand, fixing with phytomelioration. This will allow the use of areas for sowing salt-
tolerant plants, as well as dramatically reduce sanding and salinization of neighboring
fertile lands due to wind erosion [11]. As objects of research, samples of mobile soil
of the Jarkurgan region of Surkhandarya region have been used, which were taken at
depth of 0 − 5 cm. They have differed among themselves mainly by the content of
water-soluble salts.
At the initial stage of research, has been investigate the content of chemical el-
ements of the original Kattakuma sand of Surkhandarya. Chlorides and sodium
sulfates are predominant of water soluble salts. The SiO2 content in the sand sam-
ples was 60, 23% and CaO,MgO,K2O and Na2O − 1, 84; 0, 26; 0, 44% and 0, 86%
[8].
The chemical compounds that make up the mobile sands of Kattakum (plot No.
2) Surkhandarya are various oxides, among which silicon dioxide predominates. In
addition to chemical analysis the samples were subjected to x-ray phase analysis
in order to determine its mineralogical composition. The X-ray diffraction pattern
shows that they consisted of quartz and feldspar. According to the sand thermograms,
seven endothermic effects were detected at 120, 155, 182, 228, 277, 770, 870 and four
exothermic effects at 415 on the heating curve of the Kattakum sample 558, 687 and
7960◦C [12].
In order to create artificial structures by chemical modification of the surface
of sand particles, a calcium hydrosilicate solution - Ca(HSiO3)2 (CHS) - obtained
from dilute solution of 17% sodium silicate and calcium oxide, was used as colloidal
dispersion at stage of the transition of sol to gel.
The results of investigation of effect of the composition of fixing additives on the
formation of water-resistant aggregates (WRA) are presented in table. 1. As can be
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seen, that content of WRA in the initial sand is low (6, 06%). Spraying the surface
of the sand with an aqueous solution of CHS at a concentration of 0, 4 and 0, 8%
and their mixture with wood sawdust additives slightly has increased the strength
of the structure and the number of WRA. The water-resistant aggregates of sand
fixed with 0, 4% solution of CHS is 28, 80− 33, 05% and for sands fixed with a 0, 8%
solution - 40, 75 − 45, 60%. When sands were fixed with an aqueous solutions of
CHS at concentration of 1, 2 and 1, 6% and the amount of WRA was increased to
68, 05− 70, 70% and 70, 02− 76, 70% respectively.
Table 1.
The effect of concentration of HSC solution and its composition with wood
sawdust (SD) on the value of the mechanical strength of the surface crust
In table 2 values of the mechanical strength are presented for of the created sand
structure, fixed with 0, 4% CHS solution, which is 0, 72 − 0, 76MPa, and for sand
fixed with a 0, 5% polymer solution, 1, 32− 1, 66MPa. When sand was fixed with an
aqueous solution of CHS at concentration 1, 2 and 1, 6% and their compositions with
wood sawdust, the strength of the resulting structure has increased to 1, 98 − 2, 38
MPa for a concentration of CHS of 1, 2% and to 42, 82− 3, 98 MPa for concentration
1, 6%.
It was established that with increasing of the total number of water-resistant
aggregates (WRA), their size redistribution also occurs. While sand fixed with 0, 4%
CHS solution have been characterized by predominant formation of aggregates of
0, 25 − 0, 5 mm in size, then sand fixed with 1, 2 and 1, 6% CHS solution and its
compositions with sawdust, on the contrary, is dominated by large aggregates with
a size of > 2, 0 mm (table 1). What has indicated that when sand is fixed with
complex additives, it’s surface layers have changed from a free-dispersed state to a
bound-dispersed state by forming a crust structure consisting from water-resistant
macroaggregates.
Table 2.
The effect of the concentration of CHS solution and it’s composition with
wood sawdust (SD) on the number of water-resistant aggregates (WRA)
in the sand of Kattakuma (plot No. 2) of Surkhandarya
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*) The average values of the amount of WRA found from 3 determinations are given.
On fig. 1. shows the changes in Pm depending on the time (τ) of solidification of
the crust. Are presented from which it is shown that the greatest mechanical strength
is achieved with the introduction of 0, 5% CHS [12].
Fig. 1. Changes in Pm depending on the hardening time (τ): 1- without
additives (control); 2-with the addition of 0, 25% CHS; 3-with the addition
of 0, 5% CHS
In the figure 3 shows the kinetics of structure formation in the sand of Surkhandarya
in the presence of various additives.
In fig. 2. A microformative view of mobile sand dispersions under the influence
of HSC reagent is presented: A-state of the reagent, B-crystallization of dispersed
sand with a free flow in time. It is shown that crystalline "bridges" were formed
between particles when they were treated with water-soluble CHS reagent in moving
sand dispersions.
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Fig. 2. Microphotometric view of moving sands treated with solution of
CHS.
Table 3.
Kinetics of structure formation in sand pastes of Surkhandarya in the
presence of additives
This indicates that when soil is fixed by complex additives, their surface layers pass
from free-dispersed state to a coherent-dispersed state by forming a crust structure
consisting from water-resistant macroaggregates.
3 Discussion
CHS ameliorant-fixer interacts with particles of saline soil and with salts present
in it (anions of chlorine, sulfate, etc.), forming gel-like products that are released
in interphase spaces in the contact zone of particles in the form of neoplasms and,
undergoing adhesion on their surface, play the role of a bonding agent, give strength
and water resistance to the formed structure. The latter is strengthened by particles
of sawdust, which play the role of a "frame". It is known that with changing of
nature of the Ca derivatives new chemical reactions can carried out with formation of
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new compounds. When salts of alkaline-earth bases are introduced into liquid glass
a mutual exchange reaction occurs, in result of which sodium salt and alkaline-earth
silicate are obtained:
RCl2 +Na2O · nSiO2 = 2NaCl+RO · nSiO2 (1)
or
RCl2 +Na2O · nSiO2 ·mH2O = nSiO2(m− 1) ·H2O+R(OH)2 + 2NaCl (2)
In the latter reaction formation of silica gel, alkaline earth hydrate and sodium
chloride was expected.
Obviously reaction mainly has carried out according to equation:
Na2O · nSiO2 +RCl2 ·mH2O = R · pSiO3 · q ·H2O+ (n− p) · SiO2 · aq (3)
It was determined that in result of the interaction of liquid glass with salts of
an alkaline-earth base, silica gel and sodium chloride have been formed. It should
be noted that depending on the liquid glass module, the releasation of silica gel is
different. Moreover, these reactions are complicated at their carring out in the soil,
where the adsorption of these substances last is not the last.
At selecting of second reagent (CaCl2,MgCl2, etc.) introduced into the liquid
glass composition the chemical composition of the fixed soil should be taken into ac-
count, which affects the chemical strength of the resulting peel. For example, CaCl2
and MgCl2 additives have showed good fixing properties both in limestones and
sands, and AlCl3, Al2(SiF6)3, - in clay. Therefore in the case of the using of liquid
glass as a fixative for mobile soils and sands, it should be selected as an additive,
in accordance with the properties of the latter. CaCl2 as a hygroscopic gel readily
absorbs air moisture i.e. its fixing property on the soil comes down to its ability to
retain moisture. This property of CaCl2 is most useful in the arid areas of the Aral
and Surkhandarya. In this work as a "reinforcing mesh" wood sawdust (SD), which
refers to cellulosic materials and is a waste of the woodworking industry was investi-
gated. It is known that cellulose consists of monosaccharide residues polymerized in
a chain which contain many OH and - O - bond groups (Fig. 2.1).
Fig. 4. A probable pattern of H - bonds in cellulose
The possibility of the formation of H bonds in such chains has been confirmed by X-
ray data and IR spectra [13]. In natural (wood) cellulose H-bonds are located in the
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plane of av. The OH bands in the IR spectrum of cellulose are shifted toward lower
frequencies, which is convincing evidence of the presence of H bonds. Moreover, the
solubility of cellulose has depended on the ability of the solvent and the formation of
H-bonds, which has decreased at formation of bonds.
When cellulose fibers come closer together, H-bonds have arised, the number of
which has increased with the removal of water or it’s solutions. The forming network
of bonds between the fibers has determined the flexibility and elasticity of cellulose
i.e. tree sawdust.
Impregnated wood sawdust changes the tensile strength at break approximately
in proportion to the degree of immobility of the H-bond network. (For example at
using water the tensile strength of cellulose is 0, 091kg/cm and the tensile work is
0, 007310− 2kg/m).
As seen cellulose strength i.e. sawdust is mainly determined by H-bonds. Since
many adhesives (glue, resins, etc.), it will become clear that when gluing cellulose,
new H bonds also form, which explain the adhesion mechanism. The latter is due to
H-bonds formed in sawdust. It should be remembered that formation of H-bonds is
probably only one part of the mechanism.
Thus, the selected chemical reagents and materials for fixing mobile soils and
sands according to their technical and economic parameters are considered rational
and affordable for their use in the Surkhandarya regions. The results of field tests have
showed that the use of the above fixing compositions consisting fromMPK−1 water-
soluble polymer with wood sawdust and HSC with wood sawdust leads to increasing
of crust strength (mechanical strength reaches 0, 70− 3, 16 and 0, 77− 3, 1MPa) and
water resistance (the number of water-resistant units has reached 31, 8 − 81, 28 and
29, 8− 74, 75%) [14]-[17].
The advantages of the recommended surfactants has been confirmed by the data
obtained in a special installation at investigation the intensity of the removal of solid
particles from the moving sands of Kattakum (Surkhandarya) when blowing at speed
of air stream of 61, 15m/s. (tabl. 4).
Table 4.
Effect of additives on the rate of removal of particulate matter from
moving sands of Kattakum (Surkhandarya)
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It was established that the lowest rate of removal of solid particles from the moving
sands of Kattakum (Surkhandarya) has been observed at using CHS as additive in
amount of 1, 2% of the total mass. In this case sawdust was used in an amount
140kg/ga.
The results of investigation of the kinetics of structure formation in the moving
sands of Kattakum (Surkhandarya) have showed that after a long time (up to 7 days)
using CHS as a surfactant in amounts of 0, 25 and 0, 5%, the crust strength (CS) of
was equaled 7, 46 and 11, 1kg/cm2 respectively. What is much higher than with the
control (1, 78kg/cm2). Therefore, the using of CHS has allowed to strongly fixing the
mobile sands of Kattakum (Surkhandarya), which in turn requires optimization of
it’s flow rate in this region.
4 Conclusions
The possibility of the formation of a water-resistant structure in dispersions of saline
soils by using a composition including combination of surfactants and a fixing agents,
generally providing the effect of dispersed hardening. The data by investigation of
the method of fixing the sands of the Surkhandarya region with complex additives ob-
tained on the basis of the waste of the Kungrad soda plant are presented. It is shown
that the basis of the proposed method of fixing saline soils with complex additives is
the process of converting their surface layers (up to 5cm) from a free-dispersed state to
a coherent-dispersed state by forming a structure (crust) consisting of water-resistant
macroaggregates > 1, 0mm with mechanical strength up to 3, 0MPa.
It was established that the effectiveness of the chemical method of fixing soil is
largely depended on the strength of adhesion of their particles to each other through
a binder - fixer. The bond strength has depended on the size of the structural-kinetic
units of the fixer at the moment of contact with the particles of the soil since the
contact surface of the latter is relatively small, therefore, to maximal strength can be
achieved by filling the contact zone with a meliorant fixer.
On the bas of investigation of the chemical compositions of local water-soluble
surfactants and calcium-containing industrial wastes, as well as colloidal chemical
patterns, their compositions are proposed as fixers for mobile saline sands and soil.
Thus, the carried out investigation have allowed to establish the features of chem-
ical fixing of Surkhandarya’s moving sands using local raw materials and industrial
waste to prevent salt and dust removal into the environment that is to improve envi-
ronmental conditions.
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